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ABSTRACT 
Phillip D. Hamilton:  Comparison of Open Bite Closure Outcomes: Clear Aligners vs. Skeletal 
Anchorage Molar Intrusion 
(Under the direction of Ching-Chang Ko) 
 
This retrospective study assessed treatment effects during open bite treatment with clear 
aligners versus skeletal anchorage. The sample consisted of 92 consecutive patients with anterior 
open bites from 3 practices. 8 measurements assessing vertical skeletal and dental relationships 
were calculated. Patients were divided by clear aligner and skeletal anchorage. Clear aligner 
patients were further divided by programmed movement: incisor extrusion, molar intrusion, or 
combination; and by the use of bite blocks. One-way ANOVA statistics were calculated for all 
comparisons. Clear aligner groups demonstrated no statistically significant difference for any 
variables of treatment design. Skeletal anchorage treatment compared to clear aligners 
demonstrated significant differences in LFH, U6-PP, and Occl plane to SN. Results demonstrate 
clear aligner open bite closure is effective primarily by way of incisor extrusion regardless of 
appliance design. This also demonstrates skeletal anchorage treatment preserves incisor position 










 Thank you to my committee members, Dr. Ko, Dr. Scheffler, Dr. Gierie, and Dr. Lin for 
your expertise, guidance, and advice throughout my project.  Thank you to Reid Risinger and for 
your research assistance.  Thank you to Feng-Chang Lin and Jean Jiang for the statistical 
analysis of the study data.  Thank you to the Southern Association of Orthodontists for the 
generous research grants.  Thank you to my wife, CJ, for your selfless support and 



















TABLE OF CONTENTS 
LIST OF TABLES ........................................................................................................................ vii 
LIST OF FIGURES ..................................................................................................................... viii 
LIST OF ABBREVIATIONS ........................................................................................................ ix 
LIST OF SYMBOLS .......................................................................................................................x 
INVISALIGN OPEN BITE CLOSURE TREATMENT OUTCOMES: COMPARISON OF 
APPLIANCE DESIGN ....................................................................................................................1 
 
Introduction ..........................................................................................................................1 
Materials and Methods .........................................................................................................3 













OPEN BITE CLOSURE OUTCOMES: SKELETAL ANCHORAGE MOLAR INTRUSION 
VS. CLEAR ALIGNERS ..............................................................................................................20 
 
Introduction ........................................................................................................................20 
Materials and Methods .......................................................................................................22 





















LIST OF TABLES 
INVISALIGN OPEN BITE CLOSURE TREATMENT OUTCOMES: COMPARISON OF 
APPLIANCE DESIGN 
 
Table 1 – Characteristics of the Sample ..............................................................................4 
 
Table 2 – Cephalometric Measurements ..............................................................................5 
 
Table 3 – Programmed Movement Outcomes .....................................................................7 
 
Table 4 – Occlusal Bite Blocks Outcomes ..........................................................................8 
 
Table 5 – Incisor Extrusion vs. Molar Intrusion ..................................................................9 
 
Table 6 – Growing vs. Non-Growing ................................................................................10 
 
Table 7 – Average Cephalometric Changes .......................................................................11 
 
Table 8 – Cephalometric Changes by Initial AOB Severity ..............................................12 
 
 
OPEN BITE CLOSURE OUTCOMES: SKELETAL ANCHORAGE MOLAR INTRUSION 
VS. CLEAR ALIGNERS 
 
Table 9 – Characteristics of the Sample ............................................................................23 
 
Table 10 – Cephalometric Measurements ..........................................................................24 
 
Table 11 – Clear Aligner vs. Skeletal Anchorage Outcomes ............................................26 
 
Table 12 – Skeletal Anchorage: Growing vs. Non-Growing .............................................28 
 









LIST OF FIGURES 
INVISALIGN OPEN BITE CLOSURE TREATMENT OUTCOMES: COMPARISON OF 
APPLIANCE DESIGN 
 
Figure 1 – Cephalometric Measurements ............................................................................6 
 
Figure 2 – Programmed Movement Outcomes ....................................................................8 
 
Figure 3 – Effect of Occlusal Bite Blocks ...........................................................................9 
 
Figure 4 – Incisor Extrusion vs. Molar Intrusion ...............................................................10 
 
Figure 5 – Cephalometric Changes: Growing vs. Non-Growing ......................................11 
 
Figure 6 – Average Cephalometric Changes .....................................................................12 
 
Figure 7 – Cephalometric Changes by Initial AOB Severity ............................................13 
 
Figure 8 – Vertical Tooth Movement relative to Initial Overbite ......................................14 
 
 
OPEN BITE CLOSURE OUTCOMES: SKELETAL ANCHORAGE MOLAR INTRUSION 
VS. CLEAR ALIGNERS 
 
Figure 9 – Cephalometric Measurements ..........................................................................25 
 
Figure 10 – Clear Aligner vs. Skeletal Anchorage Outcomes.  .........................................27 
 
Figure 11 – Skeletal Anchorage: Growing vs. Non-Growing ...........................................29 
 










LIST OF ABBREVIATIONS 



















LIST OF SYMBOLS 
©  Copyright Symbol  































INVISALIGNÒ OPEN BITE CLOSURE TREATMENT OUTCOMES: COMPARISON 
OF APPLIANCE DESIGN 
 
Introduction 
Anterior open bite (AOB) is characterized by the lack of contact between anterior teeth. 
The estimated prevalence of AOB is estimated around 5% of the population and an estimated 
17% of orthodontic patients with skeletal malocclusion have AOB (Kelly et al. 1973; Proffit et 
al. 1998; Brunelle et al. 1996). AOB has many etiologies and commonly associated with a 
variety of malocclusions, contributing to its difficulty to successfully treat and retain (Krey et al. 
2015). AOB has been associated with functional challenges including speech dysfunction and 
difficulty eating (Laine 1992). AOB also can result in esthetic concerns for patients including but 
not limited to poor incisor display, excessive gingival display, and poor smile esthetics.  
Over the years, a variety of treatment modalities have been employed to treat AOB. 
Minor open bites have been successfully treated  with fixed appliances and anterior elastics, 
posterior bite blocks, multiloop edgewise archwire mechanics, and more recently with clear 
aligners (Kuster and Ingervall 1992; Vela-Hernández et al. 2017; Küçükkeleş et al. 1999; Endo 
et al. 2006; Garnett et al. 2019; Khosravi et al. 2017; Moshiri et al. 2017; Boyd 2008; Kim 1987; 
Dellinger 1986; Iscan and Sarisoy 1997). Moderate open bites have successfully been treated 
with the use of skeletal anchorage (Hart et al. 2015; Scheffler and Proffit 2014; Asiry 2018) or 
with orthognathic surgery. More severe anterior open bites, especially with more significant 
skeletal components of malocclusion have most successfully been treated with surgery (Huang et 
al. 2019). As technology and treatment efficacy has developed, however, practitioners have 
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ventured to treat increasingly more challenging AOB with clear aligners and/or skeletal 
anchorage when previously surgery would have been the treatment of choice (Reichert et al. 
2014).  
Clear aligners offer unique advantages in comparison to traditional fixed appliances in 
regards to esthetics, hygiene, and potentially, biomechanics (Wang et al. 2019; Garnett et al. 
2019; Khosravi et al. 2017). It is reported that 33% of practitioners commonly use clear aligners 
to treat AOB in their practice and only 19% never use clear aligners (Choi et al. 2018). As 
aligners grow in popularity, it is prudent to understand the mechanics of how AOB is managed 
using this treatment modality.  
Aligners are believed to function similar to occlusal bite blocks as they cover the occlusal 
surfaces of posterior teeth. This occlusal coverage is believed to contribute to intrusion of 
posterior teeth as is observed in the use of bite blocks with fixed appliances (Vela-Hernández et 
al. 2017; Khosravi et al. 2017). Molar intrusion can lead to bite closure through auto-rotation of 
the mandible. This coupled with anterior extrusion can lead to successful bite closure in many 
patients.  
The mechanics of AOB treatment with clear aligners have been investigated minimally. 
Moshiri et al. reported significant intrusion of lower molars treated with clear aligners, however 
a majority of open bite closure resulted from anterior extrusion (Moshiri et al. 2017). Garnett et 
al. reported no significant change in vertical molar position in response to clear aligner treatment 
with significant incisor extrusion (Garnett et al. 2019).  
Incisor vertical position is of primary importance in smile esthetics and our treatment 
effects on the vertical position of incisors should be well understood. It is therefore important to 
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understand the mechanics of how clear aligners affect the vertical position of teeth in the esthetic 
zone to ensure the best possible treatment and outcome for patients (Sarver 2001).  
Previous studies have not considered the differences in clear aligner treatment plan 
formulation in treatment outcome. InvisalignÒ offers the ability to program tooth movement into 
the appliance and to add elements to the appliance such as occlusal bite blocks. It is of value to 
understand if these elements programmed into the appliance lead to the planned outcomes they 
are intended to provide.  
The aim of this study is to compare different aligner treatment designs and their resulting 
cephalometric outcomes. Specifically, we compare programmed molar intrusion vs. incisor 
extrusion and the use of occlusal bite blocks to the vertical movement of teeth and skeletal 
vertical relationships.  
 
Materials and Methods 
Institutional review board approval was obtained from the office of Human Research 
Ethics at the University of North Carolina at Chapel Hill (IRB: 18-2570). Records were initially 
evaluated from two private practices and the graduate orthodontic clinic at UNC Chapel Hill. 
Pre-treatment photos of nearly 4200 patients treated between 10/31/2008 and 10/31/2018 were 
evaluated for the presence of AOB (lack of incisor overlap). 240 patients were determined to be 
eligible for inclusion and 62 patients qualified based on the inclusion/exclusion criteria: 
Inclusion: 
- Apparent open bite of incisors from clinical photographs 
- Treated with InvisalignÒ clear aligners 
- Available initial and final cephalometric radiographs 
 
Exclusion: 
- Treatment plan includes occlusal adjustments during the observation period  
- Treatment plan includes extraction  
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- Crowding more than 6mm in either arch 
- Patients with obvious facial asymmetry or occlusal cants  
- Patients diagnosed with systemic diseases that would contraindicate orthodontic 
treatment   
- Patients with temporomandibular disorders (jaw disorders), or craniofacial syndromes 
(cleft lip or palate).  
- Patients diagnosed with severe periodontitis that has not been treated or resolved.   
- Patients that have severe malocclusions that would take longer than 2 years of treatment 
or require surgical intervention. This includes unerupted teeth or tooth agenesis excluding 
third molars.  
- Patients with active caries not under control of a dentist  
- Patients with a history of use or current use of any bisphosphonate medication or other 
medication for treatment of osteoporosis  
- Patients who are a current smoker (must not have smoked within the last 6 months)  
- Patients with any condition or use of medication, which in the opinion of the investigator 
interferes with the biology of tooth movement  
- Patients who have a condition, which in the opinion of the investigator results in 
increased risks to the subject.  
 
The sample consisted of 46 
females and 16 males. Average age was 
31.6 (Range: 13.9y - 70.8y) at the 
beginning of treatment (Table 1). 52 
patients were skeletal class I, 7 patients 
were class II, and 3 were class III. Pre 
and post treatment lateral cephalograms were obtained and InvisalignÒ ClincheckÒ (Align 
Technology, San Jose, Calif.) plans were reviewed to determine the programmed movement of 
teeth (molar intrusion, incisor extrusion, or combination) and the use of occlusal bite blocks in 
the treatment plan. Patients were also divided by severity of initial overbite: Minimal (0 to 
1mm), mild (-0.1 to -1mm), moderate (-1.1 to -3mm), and severe (>3mm). Growing patients 
(<20 years of age) were also compared to non-growing patients (>20 years of age). Lateral 
cephalograms were digitized using Dolphin Imaging (Version 10.95; Dolphin Imaging, 
Table 1. Characteristics of the Sample 
 N (%) Mean SD Range 
Female 46 (74)   
  
Male 16 (26)    
Growing patients 
(<age 20) 
20 (32)    
Initial Overbite (mm) 62 -0.94 1.04 -4.8 - 0.8 
Final Overbite (mm) 62 1.21 0.69 -0.6 - 3 
Time in treatment 
(m) 
62 18.1 8.4 6 - 48 
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Chatsworth, Calif.) by a trained cephalometrician. Magnification between serial radiographs was 
corrected using this software. 33 hard tissue landmarks were identified, and 8 cephalometric 
variables were calculated in a custom analysis to determine the dental and skeletal vertical 
relationships between timepoints (Table 2, Figure 1).  
Table 2. Cephalometric Measurements 
Measurement Description 
LFH (ANS-Me) (mm) Linear distance between ANS and menton 
SN-GoGn (deg) Angle formed by lines through Sella-Nasion and Gonion-Gnathion (mandibular plane) 
U1-PP (mm) Linear distance between incisal edge of upper central incisor to line through ANS and PNS (palatal plane) 
L1-MP (mm) Linear distance between incisal edge lower central incisor to line through Go-Gn (mandibular plane) 
U6-PP (mm) Linear distance between occlusal of upper first molar and palatal plane 
L6-PP (mm) Linear distance between occlusal of lower first molar and mandibular plane 
Overbite (mm) Linear distance between U1 and L1 incisal edge parallel to true vertical 




Figure 1. Cephalometric Measurements: 1. LFH; 2. SN-GoGn; 3. U1-PP; 4. L1-MP; 5. U6-PP; 6. L6-MP; 7. 
Overbite; 8. Occl Plane to SN 
 
Statistical analysis 
Data was normally distributed for all variables. Descriptive statistics were determined as 
well as one-way ANOVA tests adjusted for age, gender, and location of practice to compare the 
difference between pre-treatment (T0) and post-treatment (T1) cephalometric measurements. 
Significance was set at 0.05 for all analyses. Intra-examiner reliability was determined by 
analysis of 10 lateral cephalometric analyses traced 4 weeks apart. ICC was excellent for all 
measured values except overbite which was determined to be moderate.  
 
Results 
Average treatment time was 18.1 months. Average initial overbite was -0.94±1.04mm 
(range -4.8- 0.8mm) and average increase in overbite was 2.12±1.02mm (range -0.1- 5.6mm). 
These results indicate that clear aligners are an effective treatment modality for correcting AOB 
and increasing overbite.  
When comparing the planned movement in the ClincheckÒ, patients with programmed 
molar intrusion showed no significant differences compared those who were programmed with 
incisor extrusion for all outcomes measured (P>0.05) (Table 3, Figure 2). The use of occlusal 
bite blocks also displayed no significant differences in any of the measured outcomes (P>0.05) 













     molar intrusion 
(n=15) 
 
  Average SD Average SD Average SD P-value 
LFH (ANS-Me) (mm) 0.28 1.27 -0.05 1.54 0.79 1.46 0.22 
SN-GoGn (deg) -0.46 1.89 -0.42 1.41 -0.37 1.79 0.99 
U1-PP (mm) 1.26 1.12 0.71 1.49 1.55 0.95 0.11 
L1-MP (mm) 0.72 1.13 0.65 0.84 1.03 0.57 0.45 
U6-PP (mm) 0.17 0.62 -0.08 1.16 0.26 1.08 0.59 
L6-MP (mm) 0.24 0.96 -0.08 0.77 0.43 0.70 0.18 
Overbite (mm) 2.21 1.23 2.12 1.13 2.11 0.88 0.95 
Occ Plane to SN (deg) 0.03 2.37 -0.75 2.03 0.52 1.95 0.20 
 
 


































Figure 3. Effect of Occlusal Bite Blocks 
 
Further analysis was completed to compare only programmed incisor extrusion to molar 


















Effect of Occlusal Bite Blocks
with bite blocks No bite blocks
Table 4. Occlusal Bite Blocks Outcomes 
 
No bite blocks (n=31) with bite blocks (n=31) 
 
 
Average SD Average SD P-value 
LFH (ANS-Me) (mm)  0.21 1.55 0.36 1.32 0.68 
SN-GoGn (deg)  -0.33 1.65 -0.52 1.74 0.67 
U1-PP (mm)  0.90 1.38 1.38 1.09 0.13 
L1-MP (mm)  0.70 0.82 0.85 1.02 0.55 
U6-PP (mm)  0.27 0.96 -0.07 0.92 0.33 
L6-MP (mm)  0.11 0.73 0.23 0.96 0.56 
Overbite (mm)  2.05 0.97 2.26 1.23 0.44 
Occ Plane to SN (deg)  -0.53 1.94 0.28 2.36 0.15 
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L6-MP value (p=0.05). For programmed incisor extrusion, the lower molars intruded an average 
of 0.08±0.77mm whereas the lower molars extruded 0.43±0.70mm in patients with programmed 
molar intrusion (Table 5, Figure 4). 
Table 5. Incisor Extrusion vs. Molar Intrusion  
 
Incisor extrusion molar intrusion 
 
  Average SD Average SD P-value 
LFH (ANS-Me) (mm)  -0.05 1.54 0.79 1.46 0.11 
SN-GoGn (deg)  -0.42 1.41 -0.37 1.79 0.93 
U1-PP (mm)  0.71 1.49 1.55 0.95 0.06 
L1-MP (mm)  0.65 0.84 1.03 0.57 0.14 
U6-PP (mm)  -0.08 1.16 0.26 1.08 0.42 
L6-MP (mm)  -0.08 0.77 0.43 0.70 0.05* 
Overbite (mm)  2.12 1.13 2.11 0.88 0.99 
Occ Plane to SN (deg)  -0.75 2.03 0.52 1.95 0.07 
 
Figure 4. Incisor Extrusion vs. Molar Intrusion 
 
Growing patients were also compared to non-growing patients. Significant changes were 
observed in the upper and lower molar vertical position. Upper molars extruded 0.53mm in 


















Incisor Extrusion vs. Molar Intrusion
molar intrusion Incisor extrusion
10 
molars followed a similar patter with 0.51mm extrusion in growing patients and 0.01mm 
extrusion in non-growing patients. All other variables showed no significant treatment changes.  





Average SD Average SD P-value 
LFH (ANS-Me) (mm)  0.73 1.61 0.07 1.30 0.09 
SN-GoGn (deg)  -0.37 1.97 -0.45 1.55 0.8667 
U1-PP (mm)  1.19 1.46 1.11 1.16 0.82 
L1-MP (mm)  1.05 0.97 0.65 0.87 0.11 
U6-PP (mm)  0.53 0.89 0.03 0.72 0.02* 
L6-MP (mm)  0.51 0.86 0.01 0.81 0.03* 
Overbite (mm)  2.20 1.04 2.13 1.14 0.83 
Occ Plane to SN (deg)  -0.25 2.86 -0.07 1.81 0.76 
 
Figure 5. Cephalometric Changes: Growing vs. Non-Growing 
 
Due to the lack of statistical significance for any treatment variations, descriptive 
statistics for the entire group were investigated (Table 7, Figure 6). It is notable that on average, 
molars extruded in all cases. U6-PP increased 0.14±0.85mm and L6-MP increased 
0.18±0.84mm. Incisors extruded relatively more to achieve the closure of AOB demonstrated by 














U1-PP (mm) L1-MP (mm) U6-PP (mm) L6-MP (mm) Overbite (mm) Occ Plane to
SN (deg)
Cephalometric Changes: Growing vs. Non-growing
Growing Non-growing
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changes were minimal and variable. Average lower face height increased by 0.28±1.43 mm and 
SN-GoGn decreased by 0.42±1.68 degrees.  
Table 7. Average Cephalometric Changes 
  Average SD 
LFH (ANS-Me) (mm)  0.29 1.43 
SN-GoGn (deg)  -0.42 1.68 
U1-PP (mm)  1.14 1.25 
L1-MP (mm)  0.77 0.92 
U6-PP (mm)  0.10 0.95 
L6-MP (mm)  0.17 0.85 
Overbite (mm)  2.15 1.10 
Occ Plane to SN (deg)  -0.13 2.18 
 
 
Figure 6. Average Cephalometric Changes 
 
 
When examining the change in cephalometric values between varying initial severity of 
overbite, it was notable that molar vertical position remains relatively stable, but incisor vertical 
position extrudes in a relative proportion to the initial overbite. (Table 8, Figure 7).  A weak 
linear relationship was observed between the sum of incisor extrusion and the initial severity of 



























Table 8. Cephalometric Changes by Initial AOB Severity 
 
Minimal (n=10) Mild (n=28) Moderate (n=22) Severe (n=2) 
  Average SD Average SD Average SD Average SD 
LFH (ANS-Me) 
(mm)  
-0.04 1.22 0.41 1.73 0.34 1.40 -1.1 n/a 
SN-GoGn (deg)  0.08 1.34 -0.57 1.70 -0.43 1.41 1.1 n/a 
U1-PP (mm)  0.52 1.28 1.02 1.41 1.27 1.33 2.2 n/a 
L1-MP (mm)  0.38 0.88 0.60 0.67 1.32 0.43 2.3 n/a 
U6-PP (mm)  0.14 0.67 0.33 0.98 -0.59 1.45 0.5 n/a 
L6-MP (mm)  -0.06 0.99 0.05 0.75 0.43 0.73 -0.5 n/a 
Overbite (mm)  1.52 0.77 1.79 0.67 2.75 0.82 5.6 n/a 
Occ Plane to SN 
(deg)  
0.32 2.31 -0.64 1.94 0.25 2.34 0.7 n/a 
 
 





















Cephalometric Changes by Initial AOB Severity
Minimal Mild Moderate Severe
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Figure 8. Vertical Tooth Movement Relative to Initial Overbite 
 
Discussion 
Statistical analysis shows that there are no significant differences in planned tooth 
movement or the use of occlusal bite blocks for mechanics of AOB treatment with clear aligners. 
In the comparison of planned incisor extrusion vs. planned molar intrusion in ClincheckÒ the 
only significant treatment effect was in the movement of the lower first molar. Interestingly, the 
lower molars intruded more in cases where incisor extrusion was planned (P=0.05). This could 
be due to deformation of the aligner to level a reverse curve of spee resulting in ideal pressures 
for lower molar intrusion. Furthers studies should evaluate this phenomenon.  
It is interesting that regardless of the ClincheckÒ programmed movement, no predictable 
vertical changes were observed in skeletal or dental relationships. It may be possible that the 
vertical forces in clear aligners used to treat AOB create an indeterminate force system that pits 
the increased root surface area of the molars against the smaller root surface area of the incisors. 
The force would therefore be more effectively distributed to extrude incisors in the absence of 



























Vertical tooth movement relative to intial overbite
sum incisor extrusion Linear (sum incisor extrusion)
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auxiliary vertical anchorage in the posterior. This is demonstrated by the increased incisor 
extrusion observed as the size of open bite that is closed (Figure 7).  
It is also interesting to note that clear aligners maintain the vertical position of molars 
well. The vertical changes observed in the molars for all treated cases were 0.10 and 0.17mm of 
extrusion for the upper and lower first molars, respectively. Molar position was also maintained 
well as the size of overbite treated increased, indicating good vertical maintenance of the molar 
position, even as the amount if incisor extrusion increased. It was also observed that the 
maintenance of the molar position was affected by growth status as growing patients displayed 
more molar extrusion and non-growing patients exhibited maintenance of the molar vertical 
position.  
The results of this study are similar to previous studies that have reported significant 
incisor extrusion and little vertical change in molar position. Garnett et al. observed in a study of 
36 patients average vertical movement of molars of 0.01mm and -0.09mm for maxillary and 
mandibular, respectively. Incisors extrusion was observed as 0.97mm and 0.82mm for maxillary 
and mandibular, respectively (Garnett et al. 2019). These results closely mimic the results of this 
study.  
Moshiri et al. observed more significant skeletal effects in a study with 30 patients. They 
observed more molar intrusion (0.4mm maxillary and 0.6mm mandibular), resulting in reduction 
of the mandibular plane on average 0.9 degrees with a subsequent decrease in lower face height 
of 1.5mm (Moshiri et al. 2017). The average SN-GoGn in those cases was 40.8 degrees, whereas 
in this study, the average SN-GoGn was 35.8 degrees. It could be argued that in patients with 
higher mandibular plane angles may favor mechanics to intrude molars than those with reduced 
plane angles.  
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In all previous studies using clear aligners, it is notable that the majority of open bite 
closure results from incisor extrusion rather than molar intrusion subsequent skeletal change.  
Limited effectiveness of clear aligners for orthodontic treatment has been reported by 
several studies. Rossini et al. reported reduced effectiveness of extrusion of aligners (Rossini et 
al. 2015). Pithon et al. reported similar results in which clear aligners were “deficient” in vertical 
correction of malocclusion in comparison to fixed appliances. In nearly all cases (95%) positive 
overbite was achieved which demonstrates satisfactory treatment of AOB. Robertson et al. 
reported reduced aligner effectiveness and the stated the use of several refinements may be 
necessary to achieve outcomes (Robertson et al. 2019). The number of refinements was not 
examined in this study, but the average treatment time was 18.1 months which could be 
considered comparable to different modalities of AOB treatment. The amount of programmed 
movement in the ClincheckÒ software was likely more than the achieved movement due to the 
known lack of effectiveness of clear aligners in vertical movement. Further studies could 
investigate the amount of overcorrection necessary to successfully treat vertical discrepancies.  
Limitations of this study include a mix of growing and non-growing patients. As 32% of 
the subjects were growing, it could be argued that aligners have a more effective role in intruding 
molars as their position was maintained to the relative planes as a patient grows. As this was a 
cephalometric study, there are known limitations in the accuracy of tracings with errors up to 
2mm (Baumrind and Frantz 1971). ICC reliability tests demonstrate excellent reliability for all 
variables except for measurement of OJ which was only good. This could be attributed to the 
small distances measured between incisors relative to other measures in this study and the 
difficulty in accurately tracing crowded incisors.  
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It is also of note that the stability of AOB treatment with clear aligners is unknown. To 
date, there are no studies assessing the stability of incisor extrusion as a result of AOB treatment 
with clear aligners. Similar tooth movements directed by fixed appliances have been studied and 
observed to range from 61.9%-75% in combined studies of extraction and non-extraction 
treatment (Al-Thomali et al. 2017; Greenlee et al. 2011). Similar ranges could be expected but 
future studies should investigate the specific stability of clear aligner treatment and perhaps the 
effects of different methods of retention.  
 
Conclusions 
These results demonstrate clear aligners as an effective treatment choice in the treatment 
of AOB. Attention must be given to the planned vertical position of the incisors however, due to 
the majority of correction resulting from incisor extrusion. Maintenance of the molar vertical 
position is of great value and the lack of open rotation of the mandible observed as a result is 
also an advantage in some cases. In cases where intrusion is desired and skeletal change is an 
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OPEN BITE CLOSURE OUTCOMES: SKELETAL ANCHORAGE MOLAR 
INTRUSION VS. CLEAR ALIGNERS 
 
Introduction 
Anterior open bite (AOB) is characterized by the lack of contact between anterior teeth. 
The estimated prevalence of AOB is estimated around 5% of the population and about 17% of 
orthodontic patients with skeletal malocclusion have AOB (Kelly et al. 1973; Proffit et al. 1998; 
Brunelle et al. 1996). AOB has many etiologies and is commonly associated with a variety of 
malocclusions, contributing to its difficulty to successfully treat and retain (Krey et al. 2015). AOB 
has been associated with functional challenges including speech dysfunction and difficulty eating 
(Laine 1992). AOB also can result in esthetic concerns for patients including but not limited to 
poor incisor display, excessive gingival display, and poor smile esthetics.  
Over the years, a variety of treatment modalities have been employed to treat AOB. Minor 
open bites have been successfully treated  with fixed appliances with anterior elastics, posterior 
bite blocks, multiloop edgewise archwire mechanics, and more recently with clear aligners (Kuster 
and Ingervall 1992; Vela-Hernández et al. 2017; Küçükkeleş et al. 1999; Endo et al. 2006; 
Khosravi et al. 2017; Moshiri et al. 2017; Boyd 2008; Kim 1987). Moderate open bites have 
successfully been treated with the use of skeletal anchorage (Hart et al. 2015; Scheffler and Proffit 
2014; Asiry 2018) or with orthognathic surgery. More severe anterior open bites, especially with 
more significant skeletal components of malocclusion have most successfully been treated with 
surgery (Huang et al. 2019). As technology and treatment efficacy has developed, however, 
practitioners have ventured to treat increasingly more challenging AOB with clear aligners and 
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skeletal anchorage when previously surgery would have been the treatment of choice (Reichert et 
al. 2014).  
Skeletal anchorage offers unique treatment advantages in is ability to intrude posterior teeth 
without affecting vertical position of adjacent or opposing teeth. The mechanics of this treatment 
can result in decreased overbite by way of significant molar intrusion and thus skeletal change 
through autorotation of the mandible, reducing the mandibular plane angle and increasing chin 
projection.  
Several publications report up to 5mm of molar intrusion with averages around 2-3mm 
(Umemori et al. 1999; Sherwood et al. 2002; Kuroda et al. 2004; Uribe et al. 2018). This treatment 
results in significantly less incisor extrusion as a significant portion of the open bite is closed by 
mandibular autorotation (Erverdi et al. 2004). In comparison to surgery, skeletal anchorage has 
been reported to result in similar outcomes while avoiding orthognathic surgery and its associated 
comorbidities (Kuroda et al. 2007). 
Clear aligners have also been used increasingly in practice to treat AOB. The occlusal 
coverage of the aligner material is believed to contribute to intrusion of posterior teeth as is 
observed in the use of bite blocks with fixed appliances (Vela-Hernández et al. 2017; Khosravi et 
al. 2017). Molar intrusion can lead to bite closure through auto-rotation of the mandible as seen in 
treatment with skeletal anchorage. This coupled with anterior extrusion can lead to successful bite 
closure in many patients. The use of clear aligners to treat AOB has been minimally studied, but 
molar intrusion up to 1-2 mm has been reported (Garnett et al. 2019). Most literature has shown 
that molar vertical position is maintained with clear aligners and that most open bite closure is a 
result of incisor extrusion (Moshiri et al. 2017; Garnett et al. 2019; Khosravi et al. 2017).  
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As orthodontists in the era of the soft tissue paradigm, smile esthetics are paramount. A 
significant factor in smile esthetics is the vertical position of the maxillary incisors (Sarver 2001). 
In patients with AOB, it is important to consider the mechanics of the treatment modality and its 
impact on the final esthetics.  
The aim of this study is to compare the vertical dental and skeletal changes resulting from 
AOB treatment with clear aligners compared to AOB treatment with skeletal anchorage molar 
intrusion.  
 
Materials and Methods 
Institutional review board approval was obtained from the office of Human Research 
Ethics at the University of North Carolina at Chapel Hill (IRB: 18-2570). Skeletal anchorage 
records were obtained from a single private practice (N.R.S.; Boone, NC). The initial sample 
consisted of 33 consecutive patients treated with skeletal anchorage and fixed appliances 
between September 21, 2005, to September 26, 2012. 29 patients qualified based on the 
inclusion/exclusion criteria below.  
Clear aligner records were initially evaluated from two private practices (W.V.G. 
Wilmington, NC; N.R.S. Boone, NC) and the graduate orthodontic clinic at UNC Chapel Hill. 
Pre-treatment photos of nearly 3800 patients treated between 10/31/2008 and 10/31/2018 were 
evaluated for the presence of AOB (lack of incisor overlap). 240 patients were determined to be 
eligible for inclusion and 62 patients qualified based on the inclusion/exclusion criteria: 
Inclusion: 
- Visual lack of overbite of anterior incisors in clinical photos 
- Treated with InvisalignÒ clear aligners or skeletal anchorage and fixed appliances 
- Available initial and final cephalometric radiographs with calibration ruler present 
Exclusion 
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- Treatment plan includes occlusal adjustments during the observation period  
- Treatment plan includes extraction  
- Crowding more than 6mm in either arch 
 
The sample consisted of 91 total patients (64 females and 27 males). Average age was 
29.1y (Range: 13.6y - 70.8y) at the beginning of treatment. (Table 1). 76 patients were skeletal 
class I, 12 patients were class II, and 3 were class III.  
In the skeletal anchorage group, the use of miniplates versus miniscrews was determined 
by the presence of dental class II or III relationship and planned molar translation during molar 
intrusion. 16 patients had VectorTAS miniscrews (8mm x 1.4mm) placed on the buccal between 
second premolar and first molar roots or between first and second molar roots by the treating 
doctor and loaded immediately. 13 patients had miniplates placed by the same surgeon. 2 
patients had C-Tube OrthoAnchor miniplates (KLS Martin, Jacksonville, Fla) retained by 2 
screws and 11 patients had Leibinger Skeletal Anchoring mini-plates (Stryker, Kalamazoo, 
Mich) retained by 3 screws. Miniplates were loaded 18.7±13.9 days later (range, 7-56 days). For 
patients with skeletal anchorage, only 1 miniscrew was noticed to be loose and was replaced to 
maintain constant intrusion force. No other miniplate or miniscrew failure was noted.  
Table 9. Characteristics of the Sample   

















  18 
(62) 
   64 
(70) 
   
Male 16 
(26) 
   11 
(38) 
   27 
(30) 





   15 
(52) 
   35 
(38) 
   
Initial Overbite 
(mm) 
62 -0.94 1.04 -4.8 - 
0.8 
29 -1.83 1.62 -5.4 
– 0.8 








0.84 0.65 -0.7 - 
2.2 




62 18.1 8.4 6 - 
48 
29 17.9 8.0 6 - 
33 
91 18.0 8.2 6 – 
48  
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Pre and post treatment lateral cephalograms were obtained and digitized using Dolphin 
Imaging (Version 11.95; Dolphin Imaging, Chatsworth, Calif.) by a trained cephalometrician. 
Magnification between serial radiographs was corrected using this software. 33 hard tissue 
landmarks were identified and 8 cephalometric variables were calculated in a custom analysis to 




Table 10. Cephalometric Measurements 
Measurement Description 
LFH (ANS-Me) (mm) Linear distance between ANS and menton 
SN-GoGn (deg) Angle formed by lines through Sella-Nasion and Gonion-Gnathion (mandibular plane) 
U1-PP (mm) Linear distance between incisal edge of upper central incisor to line through ANS and PNS (palatal plane) 
L1-MP (mm) Linear distance between incisal edge lower central incisor to line through Go-Gn (mandibular plane) 
U6-PP (mm) Linear distance between occlusal of upper first molar and palatal plane 
L6-PP (mm) Linear distance between occlusal of lower first molar and mandibular plane 
Overbite (mm) Linear distance between U1 and L1 incisal edge parallel to true vertical 




Figure 9. Cephalometric measurements: 1. LFH; 2. SN-GoGn; 3. U1-PP; 4. L1-MP; 5. U6-PP; 6. L6-MP; 7. 





Data was normally distributed for all variables. Descriptive statistics were determined as 
well as one-way ANOVA tests adjusted for age, gender, and location of practice were used to 
compare the difference between pre-treatment (T0) and post-treatment (T1) cephalometric 
measurements. Significance was set at 0.05 for all analyses. Intra-examiner reliability was 
determined by analysis of 10 lateral cephalometric analyses traced 4 weeks apart. ICC was 
excellent for all measured values except overbite which was determined to be moderate.  
 
Results 
Results show effective vertical change and overbite closure for both treatment modalities. 
Treatment time was comparable between groups. Positive overbite was achieved in 95% of 
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cases. Statistically significant differences between clear aligner and skeletal anchorage groups 
were found for changes in lower face height (LFH) (P<0.001), upper molar vertical position (U6-
PP) (P<0.00001), and occlusal plane angle (Occ Plane to SN) (P<0.01) (Table 3). Lower face 
height decreased an average of 0.99mm in skeletal anchorage patients compared to 0.29mm 
average increase in LFH for clear aligner patients. Upper molars intruded an average of 1.27mm 
in skeletal anchorage patients compared to average extrusion of 0.10mm in clear aligner patients. 
Occlusal plane increased an average of 1.53 degrees in skeletal anchorage patients compared to 
decrease of 0.13 degrees in clear aligner patients.  
 
Table 11. Clear Aligner vs. Skeletal Anchorage Outcomes 
 
Clear Aligner Skeletal Anchorage 
 
Row Labels Average SD Average SD P-Value 
LFH (ANS-Me) (mm)  0.29 1.43 -0.99 1.80 <0.001 
SN-GoGn (deg)  -0.42 1.68 -0.78 1.71 0.3510 
U1-PP (mm)  1.14 1.25 0.78 1.48 0.2348 
L1-MP (mm)  0.77 0.92 0.60 1.45 0.4973 
U6-PP (mm)  0.10 0.95 -1.27 0.94 <.00001 
L6-MP (mm)  0.17 0.85 0.39 0.95 0.2775 
Overbite (mm)  2.15 1.10 2.67 1.63 0.7696 





Figure 10. Clear Aligner vs. Skeletal Anchorage Outcomes 
 
No statistically significant changes were observed for all other variables. Of interest, 
incisors extruded for both treatment modalities. For clear aligners, maxillary incisors extruded 
1.14mm and mandibular incisors extruded 0.77mm. In the skeletal anchorage group, incisors 
extruded 0.78mm and 0.60mm for maxillary and mandibular incisors, respectively. Lower 
molars extruded slightly in all cases with 0.17mm and 0.39mm average extrusion for clear 
aligner and skeletal anchorage groups, respectively. Mandibular plane decreased slightly for all 
treatment options, average 0.42 and 0.78 degrees for clear aligner and skeletal anchorage groups, 
respectively.  
Vertical growth is known to continue late into adolescence and possible young adulthood. 
Patients were separated by growing (<20 years of age) and non-growing (>20 years of age) 
within the skeletal anchorage group. Overall, the observed skeletal treatment effects were more 



















Clear Aligner vs. Skeletal Anchorage Outcomes
Clear Aligner Skeletal Anchorage
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lower face height (ANS-Me), mandibular plane (SN-GoGn), and lower molar vertical position 
(L6-MP). Lower face height decreased 0.26mm in growing patients and 1.78mm in non-growing 
patients (P=0.02). Mandibular plane decreased 0.10deg and 1.51deg, respectively for growing 
and non-growing patients (P=0.02). Lower molars erupted 0.74mm and 0.01mm in growing vs. 
non-growing patients (P=0.04). Upper incisors extruded more in growing patients compared to 
non-growing patients as did lower incisors.  
Growing patients treated with clear aligners were also compared to non-growing clear 
aligner patients. Significant changes were observed in the upper and lower molar vertical 
position. Upper molars extruded 0.53mm in growing patients compared to 0.03mm in non-
growing patients (Table 5, Figure 4). Lower molars followed a similar pattern with 0.51mm 
extrusion in growing patients and 0.01mm extrusion in non-growing patients. All other variables 
showed no significant treatment changes.  
 
Table 12. Skeletal Anchorage Growing vs. Non-Growing 
 
Growing (n=15) Non-growing (n=14)   
Average SD Average SD P-value 
LFH (ANS-Me) (mm)  -0.26 1.89 -1.78 1.36 0.02 
SN-GoGn (deg)  -0.10 1.36 -1.51 1.80 0.02 
U1-PP (mm)  1.26 1.64 0.26 1.13 0.07 
L1-MP (mm)  0.93 1.20 0.26 1.65 0.22 
U6-PP (mm)  -1.09 1.07 -1.46 0.78 0.30 
L6-MP (mm)  0.74 0.93 0.01 0.85 0.04 
Overbite (mm)  2.79 1.63 2.54 1.68 0.69 
Occ Plane to SN (deg)  2.02 2.35 1.00 2.38 0.26 
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Table 13. Clear Aligner Growing vs. Non-Growing 
 Growing Non-growing  
 Average SD Average SD P-value 
LFH (ANS-Me) (mm)  0.73 1.61 0.07 1.30 0.09 
SN-GoGn (deg)  -0.37 1.97 -0.45 1.55 0.87 
U1-PP (mm)  1.19 1.46 1.11 1.16 0.82 
L1-MP (mm)  1.05 0.97 0.65 0.87 0.11 
U6-PP (mm)  0.53 0.89 0.03 0.72 0.02 
L6-MP (mm)  0.51 0.86 0.01 0.81 0.03 
Overbite (mm)  2.20 1.04 2.13 1.14 0.83 





















Skeletal Anchorage: Growing vs. Non-Growing
Growing Non-Growing
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Figure 12. Clear Aligner: Growing vs. Non-Growing 
 
Discussion 
Results indicate that both skeletal anchorage molar intrusion and clear aligner treatment 
are effective modalities to successfully treat patients with AOB. For all groups, OB increased 
and positive overbite was achieved in 95% of cases. Overall, more significant change was noted 
in the skeletal anchorage group, as the initial open bite in this group was larger. Treatment times 
were comparable between groups. Statistically significant changes were observed between 
groups in lower face height (LFH), occlusal plane angle (Occl plane to SN), and upper first 
molar vertical position (U6-PP).  
The skeletal anchorage group intruded upper molars more effectively (-1.27mm vs 
0.10mm), which likely translated to larger change in the occlusal plane (0.78deg vs 0.42deg) and 
a decrease in lower face height (-0.99mm vs 0.29mm). Skeletal anchorage molar intrusion, 
therefore resulted in significant skeletal change and reduction in lower face height. Molar 
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This skeletal change reduces the amount of dental compensation needed in order to achieve 
positive overbite.  
Clear aligner treatment resulted in no significant skeletal change and molar vertical 
position was not significantly changed throughout treatment. Increase in overbite was 
successfully achieved by incisor extrusion.  
Though not statistically significant, the average incisor extrusion was less for the skeletal 
anchorage group (0.78 and 0.60mm for U1 and L1, respectively) even though the initial severity 
of open bite was more severe (-1.83mm). Clear aligner treatment resulted in more average 
incisor extrusion (1.14mm and 0.77mm for U1 and L1, respectively) with less severe initial 
overbite (-0.94mm).  
These results indicate that incisors extrude more during treatment of AOB in patients 
treated with clear aligners than in patients with skeletal anchorage. Reduction in overbite during 
clear aligner treatment is mainly due to maintenance of the vertical position of molars and 
extrusion of incisors, whereas during skeletal anchorage AOB treatment reduction in overbite 
occurs due to molar intrusion, autorotation of the mandible and incisor extrusion.  
Comparison of growing patients treated with skeletal anchorage and clear aligners shows 
that more significant treatment effect can be observed in non-growing patients as the vertical 
position of the molars exhibited larger effects of treatment in the desired direction: maintenance 
of molar position in clear aligner patients and more molar intrusion in skeletal anchorage 
intrusion patients.  
Results from this investigation support previous findings of studies of AOB treatment 
with both clear aligners and skeletal anchorage, however no studies have directly compared the 
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two treatment modalities. Clear aligner AOB treatment has been observed to result in 
maintenance of molar position and incisor extrusion. Garnett et al reported minimal change of 
molar position and extrusion of 0.97mm and 0.82mm for maxillary and mandibular incisors 
(Garnett et al. 2019). Khosravi et al demonstrated similar treatment effects with clear aligners. 
No significant molar vertical change was noted and incisors extruded 0.9mm and 0.8mm, 
maxillary and mandibular (Khosravi et al. 2017). Moshiri et al demonstrated molar intrusion of 
molars: 0.4mm and 0.6mm for maxillary and mandibular, respectively. Incisor extrusion was 
also noted but to a lesser degree (0.5mm and 0.8mm for maxillary and mandibular incisors, 
respectively) (Moshiri et al. 2017). The results in this investigation support previous findings 
with the exception of molar intrusion. On average, molars extruded 0.10mm and 0.17mm for 
maxillary and mandibular molars, respectively. Incisors extruded 1.14mm and 0.77mm for 
maxillary and mandibular.  
The results of the skeletal anchorage group are also comparable to previous studies. In a 
study of 10 patients, Kuroda et al reported molar intrusion of 2.3mm in the maxilla and 1.3mm in 
the mandible as well as 0.5mm maxillary incisor extrusion and maintenance of the mandibular 
incisor position (Kuroda et al. 2007). In a smaller study of 4 adults, Sherwood et al reported 
mean molar intrusion of 1.99mm (Sherwood et al. 2002). Results from these studies support our 
findings in the current sample.  
Results indicate that in in patients with AOB, the treatment modality can have important 
effects in incisor position and smile esthetics. In patients where minimal incisor extrusion and 
skeletal change is desired, skeletal anchorage may be a superior treatment option. If incisor 
extrusion is desired, clear aligners may be more effective.  
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Limitations of this study include a mix of growing and non-growing patients. As 38% of 
the subjects were growing, it could be argued that treatment may have a more effective role in 
intruding molars as the position of molars was maintained to the relative planes as a patient 
grows. Additionally, as this was a cephalometric study, there are known limitations in the 
accuracy of tracings with errors up to 2mm (Baumrind and Frantz 1971). ICC reliability tests 
demonstrate excellent reliability for all variables except for measurement of OJ which was only 
good. The good ICC value for overbite could be attributed to the small distances measured 
between incisors relative to other measures in this study and the difficulty in accurately tracing 
crowded incisors.  
It is also of note that the stability of AOB treatment is not well known. To date, there are 
no studies assessing the stability of incisor extrusion as a result of AOB treatment with clear 
aligners. Similar tooth movements directed by fixed appliances have been studied and observed 
to range from 61.9%-75% in combined studies of extraction and non-extraction treatment (Al-
Thomali et al. 2017; Greenlee et al. 2011). Scheffler et al. reported on the stability of 30 patients 
with AOB treated with skeletal anchorage molar intrusion and found that all patients maintained 
positive overbite after 1 year, but observed 0.2mm molar extrusion along with 0.5mm increase in 
LFH and slight elongation (<2mm) of the incisors to maintain overbite (Scheffler et al. 2014). 
Similar ranges could be expected but future studies should investigate the specific stability of 
AOB treatment and perhaps the effects of different methods of retention.  
 
Conclusions 
These results demonstrate that open bite closure is effective primarily by way of anterior 
extrusion unless active molar intrusion is achieved with skeletal anchorage. This also 
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demonstrates that open bite closure with skeletal anchorage aids in preserving the vertical 
position of the incisors while intruding maxillary molars, decreasing LFH and increasing the 
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